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Please check that this paper contains SIXTEEN [16] printed pages including appendix 
before you begin the examination.  
[Sila pastikan bahawa kertas soalan ini mengandungi ENAM BELAS [16] mukasurat 
bercetak beserta lampiran sebelum anda memulakan peperiksaan.] 
 
INSTRUCTIONS : Answer ALL FIVE [5] questions. 
[ARAHAN : Jawab SEMUA LIMA [5] soalan.] 
 
Answer Questions In English OR Bahasa Malaysia. 
[Jawab soalan dalam Bahasa Inggeris ATAU Bahasa Malaysia.] 
 
Answer to each question must begin from a new page. 
[Jawapan bagi setiap soalan mestilah dimulakan pada mukasurat yang baru.] 
 
In the event of any discrepancies, the English version shall be used. 
[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi Bahasa 
Inggeris hendaklah diguna pakai.] 





1. [a] Describe heat transfer mechanism for different heat transfer modes: 
heat conduction, heat convection and heat radiation.  
 
Terangkan mekanisme pemindahan haba untuk mod pemindahan haba 
yang berbeza: konduksi haba, perolakan haba dan sinaran haba.  
(30 marks/markah) 
 
 [b] A metal rod made of aluminum with ૜૙ࢉ࢓ length and ૞ࢉ࢓ diameter 
(as depicted in Figure 1[b]). The temperature at the surface of one of 
the tip ሺࢀ૚ሻ of the rod is ૜૙૙࡯ and ૟૙૙࡯ at the surface of another tip 
of the rod ሺࢀ૛ሻ. Assume the heat transfer is purely heat conduction 
and the surface of the rod (except both rod tips) is fully insulated. 
The heat conductivity ሺ࢑ሻ of the rod is ૛૜ૠࢃ ࢓.ࡷ⁄ .  Calculate the 
heat transfer rate ሺࡽሶ ሻ of the aluminum rod.  
Batang logam diperbuat daripada aluminum dengan ukuran panjang 
sebanyak 30ܿ݉ dan ukuran diameter sebanyak 5ܿ݉ (seperti yang 
digambarkan dalam Rajah 1[b]). Suhu di permukaan di salah satu 
hujung	ሺ ଵܶሻ rod adalah 30଴ܥ dan 60଴ܥ pada permukaan di hujung rod 
yang lain ሺ ଶܶሻ. Anggapkan pemindahan haba adalah pengaliran haba 
sepenuhnya dan permukaan rod (kecuali kedua-dua hujung rod) ditebat. 
Kekonduksian haba ሺ݇ሻ rod ialah 237ܹ ݉.ܭ⁄ . Kirakan kadar pemindahan 
haba ሺ ሶܳ ሻ rod aluminum tersebut.  












Insulated surface ଵܶ ൌ 30 OC 
ଶܶ ൌ 60 OC 






[a] Heat is transferred via radiation from surface A to surface B, as 
illustrated in Figure 1[c]. Heat is also transferred from surface B to 
surface C with thickness of ૙. ૞࢓ via conduction with thermal 
conductivity of ૜. ૛ࢃ ࢓.ࡷ⁄ . The temperature at surface A ሺࢀ૚ሻ is 
૚૙૙૙࡯ and the temperature at surface C ሺࢀ૜ሻ is ૟૙૙࡯. The heat flux 
via radiation ሺࢗሶ radሻ is given to be ૛૙ࢃ/࢓૛. Assumed that the 
emissivity of the surface A is ૙. ૢ૞ and Stefan-Boltzmann constant 
ሺ࣌ሻ is ૞. ૟ૠ ൈ ૚૙ିૡ 	ࢃ ࢓૛.ࡷ૝⁄ . Calculate the temperature ࢀ૛ and the 
conduction heat flux ሺࢗሶ condሻ.  
 
Haba dipindahkan melalui radiasi dari permukaan A ke permukaan B, 
seperti yang digambarkan pada Rajah 1[c]. Haba dipindahkan dari 
permukaan B ke permukaan C dengan ketebalan 0.5݉ melalui 
konduksi dengan kekonduksian terma sebanyak  3.2ܹ ݉.ܭ⁄ . Suhu di 
permukaan A ሺ ଵܶሻ ialah 100଴ܥ dan suhu di permukaan C ialah 60଴ܥ. 
Fluks haba melalui radiasi ሺݍሶradሻ adalah sebanyak 20ܹ/݉ଶ. Dianggap 
bahawa kebolehpancaran permukaan A ialah 0.95 dan pekali Stefan-
Boltzmann ሺߪሻ ialah 5.67 ൈ 10ି଼ 	ܹ ݉ଶ.ܭସ⁄ . Kirakan suhu ଶܶ dan fluks 
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2. [a] Define Prandtl number ሺࡼ࢘ሻ and describe the significance of Prandtl 
number for i) ࡼ࢘ ൏ ૚, ii) ࡼ࢘ ൌ ૚ and iii) ࡼ࢘ ൐ ૚. Sketch the thermal 
boundary layer for thermal flow for ࡼ࢘ ൏ ૚, ࡼ࢘ ൌ ૚ and ࡼ࢘ ൐ ૚ for 
fluid flow over a flat plate. 
Takrifkan nombor Prandtl (Pr) dan huraikan kepentingan nombor Prandtl 
untuk i)	ܲݎ ൏ 1, ii) ܲݎ ൌ 1 dan iii) ܲݎ ൐ 1. Lakarkan lapisan sempadan 
terma untuk aliran haba untuk ܲݎ ൏ 1, ܲݎ ൌ 1 dan ܲݎ ൐ 1 untuk aliran 
bendalir di atas plat rata. 
(20 marks/markah) 
 
[b] Air flows at ૞࢓/࢙	 past a flat plat with ૝૙ࢉ࢓ length and ૛૙ࢉ࢓ width, 
as depicted in Figure 2[b]. The temperature along the plate is 
assumed to be constant at ૟૙ OC and the ambient temperature of the 
air is ૛૙ OC. The thermal conductivity of air is ૙. ૙૛૟ࢃ ࢓.ࡷ⁄ . Assume 
that the kinematic viscosity and the thermal diffusivity of air are 
૚ ൈ ૚૙ି૞ ࢓૛/࢙	and ૚. ૢ ൈ ૚૙ି૞࢓૛/࢙, respectively. Calculate: 
Aliran udara pada 5݉/ݏ	 melepasi plat rata dengan panjang 40ܿ݉ dan 
lebar 20ܿ݉, seperti yang digambarkan dalam Rajah 2[b]. Suhu di 
sepanjang plat diandaikan tetap pada 60OC dan suhu udara sekitar adalah 
20 OC. Kekonduksian haba udara ialah 0.026ܹ ݉.ܭ⁄ . Anggapkan bahawa 
kelikatan kinematik ialah 1 ൈ 10ିହ ݉ଶ/ݏ	 dan kemeresapan haba udara 







(i) The velocity boundary layer thickness ሺࢾሻ at ૛૙ࢉ࢓ from the 
leading edge. 










at 60 OC. 





(ii) The thermal boundary layer thickness ሺࢾ࢚ሻ at ૛૙ࢉ࢓ from the 
leading edge. 





(iii) The average Nusselt number ሺࡺ࢛ሻ. 
Purata nombor Nusselt ሺܰݑሻ. 
(20 marks/markah) 
 
(iv) The rate of heat transfer ሺࡽሶ ሻ by forced convection from the hot 
plate to air. Note that the air cooling is only on upper surface of 
the plate. 
Kadar pemindahan haba ሺ ሶܳ ሻ dengan perolakan paksa dari plat 





3. [a] Describe the characteristics of the temperature profile for thermal 
flow in a tube in i) thermal entrance region and ii) thermally fully-
developed region. 
  Huraikan ciri-ciri profil suhu untuk aliran therma dalam tiub di i) kawasan 
pintu masuk terma dan ii) kawasan terma terbentuk penuh. 
 
 (20 marks/markah) 
 
[b] Water flows in a tube with ૛૙࢓࢓ inner diameter and ૚૙࢓ length at a 
fixed mass flow rate of ૙. ૙૚࢑ࢍ/࢙. At the entrance of the tube, the 
water is ૛૙ ࡯૙ . The surface temperature of the tube is fixed at ૝૙ ࡯૙ . 
Assume the fully-developed flow condition over the entire tube. The 
water properties are shown in Table 3[b]. Calculate: 
 
Air mengalir dalam tiub dengan diameter dalam sebanyak 20݉݉ dan 10݉ 
panjang pada kadar aliran jisim tetap 0.01݇݃/ݏ. Di pintu masuk tiub, suhu 
air ialah  20 ܥ଴ . Suhu permukaan tiub ditetapkan pada 40 ܥ଴ . Anggapkan 












Density ሺ࣋ሻ : 
Ketumpatan 
૚૙૙૙࢑ࢍ ࢓૜⁄  
Dynamic viscosity ሺࣆሻ :  
Kelikatan dinamik 
૙. ૙૙૚࢑ࢍ ࢓. ࢙⁄  
Thermal conductivity ሺ࢑ሻ: 
Keberkonduktan terma  
૙. ૟ࢃ ࢓.ࡷ⁄  
Specific heat ൫ࢉ࢖൯ : 
Haba tentu 
૝૚ૡ૟ ࡶ ࢑ࢍ.ࡷ	⁄  
 
 
(i) The average flow velocity and the Reynolds number. 




(ii) The average convective heat transfer coefficientሺࢎሻ. 




(iii) The mean mixed water temperature at the exit of the tube. 
Suhu air campuran pada aliran keluar tiub. 
 
 (20 marks/markah) 
 
(iv) The rate of heat transfer across the tube. 
Kadar pemindahan haba di sepanjang tiub tersebut. 
  
 (20 marks/markah) 
4. [a] A vertical plate with ૙. ૛࢓ width and 0.1m height with surface 
temperature at ૡ૙ ࡯૙  is exposed to atmospheric air at ૛૙ ࡯૙ , as 
illustrated in Figure 4[a]. Calculate the average Nusselt number for 
natural convection. Assume gravitational acceleration ሺࢍሻ to be 
ૢ. ૡ૚࢓ ࢙૛⁄ . The thermal expansion coefficient ሺࢼሻ for air is ૙. ૙૙૜૝/ࡷ. 
The air properties are given in Appendix III. 
Plat menegak berukuran 0.2݉ lebar dan 0.1m tinggi dengan suhu 
permukaan pada 80 ܥ଴  terdedah kepada udara atmosfera pada 20 ܥ଴ , 
seperti digambarkan dalam Rajah 4[a]. Kirakan purata nombor Nusselt 
untuk perolakan semulajadi. Anggapkan pecutan graviti ሺ݃ሻ ialah 
9.81݉ ݏଶ⁄ . Pekali pengembangan haba ሺߚሻ untuk udara ialah 0.0034/ܭ. 
Sifat-sifat udara diberikan dalam Lampiran III. 











[b] Figure 4[b] illustrates boiling curve for water at atmospheric 
pressure.  Explain why heat transfer for boiling water decreases 
from Point C to Point D. 
Rajah 4[b] menunjukkan lengkuk air mendidih pada tekanan atmospfera,  
Terangkan kenapa perpindahan haba untuk air mendidih berkurang dari 










at 20 OC 




[c] Surfaces 1 and 2 are concave surfaces with Surface 1 area = 15m2 
and Surface 2 area = 4m2.  The gap between Surface 1 and Surface 2 
is 2m as illustrated in Figure 4[c].  Calculate view factor (F12) from 
Surface 1 to Surface 2. 
Permukaan 1 dan 2 adalah permukaan cekung dengan luas Permukaan 1 
= 15m2 dan luas Permukaan 2 = 4m2.  Jurang antara Permukaan 1 dan 
Permukaan 2 ialah 2m seperti yang ditunjuk pada Rajah 4[c].  Kirakan 
faktor penglihatan (F12) dari Surface 1 ke Surface 2.  
         
  
 




5. [a] Water (cp=4200 J/kg.K, ρ = 1000 kg / m3 ) is utilized to heat crude oil 
(cp=2500 J/kg.K, ρ = 800 kg / m3) as illustrated in Figure 5[a] using 
counter flow heat exchanger.  A very thin copper inner tube has 
diameter of 2.5cm and length of 50cm; and diameter of outer tube is 
5cm.  Water flows through inner tube and crude oil flows through 
outer tube.  The velocities of water and crude oil are 0.25m/s and 
0.2m/s, respectively.  By using LMTD method,  
   
Air (cp=4200 J/kg.K, ρ = 1000 kg / m3) digunakan untuk memanaskan 
minyak mentah (cp=2500 J/kg.K, ρ = 800 kg / m3) seperti yang ditunjukkan 
seperti Rajah 5[a] menggunakan penukar haba aliran lawan.  Satu tiub 
dalaman tembaga yang sangat nipis mempunyai diameter 2.5cm dan 
panjang 50cm; dan diameter tiub luaran adalah 5cm.  Air mengalir dalan 
tiub dalaman dan minyak mentah mengalir dalam tiub luaran.  Halaju air 














  (i) Calculate heat transfer rate, crude oil outlet temperature and 
overall heat transfer coefficient. 
Kirakan kadar perpindahan haba, suhu keluaran minyak mentah dan 
pekali perpindahan haba keseluruhan. 
(45 marks/markah) 
 
(ii) In your opinion, give ONE method to improve overall heat 
transfer coefficient without changing pump power supply.  
Justify your answer. 
Pada pendapat kamu, berikan SATU kaedah untuk meningkatkan 
pekali perpindahan haba keseluruhan tanpa mengubah bekalan 
kuasa pam. Justifikasikan jawapan anda. 








 [b] Hot water (cp=4200 J/kg.K, ρ = 1000 kg / m3) is to be warm special 
liquid (cp=5000 J/kg.K, ρ = 1100 kg / m3) in the single shell and tube 
heat exchanger as shown in Figure 5[b].  The total area of tubes is 
6m2.  The overall heat transfer coefficient is 500 W/m2K.  The special 
liquid mass flow rate is 0.3 kg/s and hot water is 0.4762 kg/s.  Special 
liquid and hot water inlet temperatures are 18°C and 95°C 
respectively. By using NTU method, calculate total heat transfer rate; 
and outlet temperature of special liquid and hot water. 
 
Air panas (cp=4200 J/kg.K, ρ = 1000 kg / m3) digunakan untuk 
memanaskan cecair istimewa (cp=5000 J/kg.K, ρ = 1100 kg / m3) dalam 
penukar haba kelompang dan tiub tunggal seperti yang ditunjukkan dalam 
Rajah 5[b].  Luas keseluruhan tiub adalah 6m2.  Pekali pemindahan haba 











kg/s dan kadar aliran jisim air panas ialah 0.4762 kg/s.  Suhu masukan 
cecair istimewa ialah 18°C dan suhu masukan air panas ialah 95°C.  
Dengan menggunakan kaedah NTU, kirakan kadar pemindahan haba 
dalam penukar haba dan suhu keluaran cecair istimewa dan air panas.   
 
















































Heat conduction: ݍሶcond ൌ െ݇ ௗ்ௗ௫ 
Heat convection: ݍሶconv ൌ ݄ሺ ௦ܶ െ ஶܶሻ 
Heat radiation: ݍሶrad ൌ ߝߪ	ሺ ௦ܶସ െ ௦ܶ௨௥௥ସ ሻ 
 
External forced convection heat transfer formulations: 
Flow over flat plate 
Velocity boundary layer thickness, ߜሺݔሻ ൌ ହ.଴௫ோ௘ೣభ/మ 




where ܲݎ ൌ ߥ ߙ⁄  
Forced convection heat transfer over flat plate  
i) Isothermal along the plate 
a) Local Nusselt number  
Laminar: ܰݑ௫ ൌ 0.332ܴ݁௫଴.ହܲݎଵ/ଷ For ܴ݁௫ ൏ 5 ൈ 10ହ, ܲݎ ൐ 0.6 
Turbulent: ܰݑ௫ ൌ 0.0296ܴ݁௫଴.଼ܲݎଵ/ଷ For 5 ൈ 10ହ ൑ ܴ݁௫ ൑ 10଻, 
0.6 ൑ ܲݎ ൑ 60 
 
b) Average Nusselt number 
Laminar: ܰݑ ൌ 0.664ܴ݁௅଴.ହܲݎଵ/ଷ for ܴ݁௅ ൏ 5 ൈ 10ହ, ܲݎ ൐ 0.6 
Turbulent: ܰݑ ൌ 0.037ܴ݁௅଴.଼ܲݎଵ/ଷ for 5 ൈ 10ହ ൑ ܴ݁௅ ൑ 10଻, 
0.6 ൑ ܲݎ ൑ 60 
 
ii) Uniform heat flux along the plate 
a) Local Nusselt number  
Laminar: ܰݑ௫ ൌ 0.453ܴ݁௫଴.ହܲݎଵ/ଷ for ܴ݁௫ ൏ 5 ൈ 10ହ, ܲݎ ൐ 0.6 
Turbulent: ܰݑ௫ ൌ 0.0308ܴ݁௫଴.଼ܲݎଵ/ଷ for 5 ൈ 10ହ ൑ ܴ݁௫ ൑ 10଻, 
0.6 ൑ ܲݎ ൑ 60 







Internal forced convection heat transfer formulations: 
Flow regime in circular pipe: 
Laminar when ܴ݁஽ ൏ 2300 
Turbulent when ܴ݁஽ ൐ 10,000 
 
For laminar fully developed thermal flow for circular tube: 
Constant surface temperature, ܰݑ ൌ ௛௅௞ ൌ 3.66 
Constant surface heat flux, ܰݑ ൌ ௛௅௞ ൌ 4.36 
 










Constant surface temperature along circular tube: 
Temperature at exit of tube, ௘ܶ= ௦ܶ െ( ௦ܶ െ ௜ܶሻ expሺെ݄ܣ௦ ሶ݉ ܿ௣⁄ ሻ 
where ܣ௦ is the surface area of the tube. 
Heat transfer rate, ሶܳ ൌ ݄ܣ௦∆ ௟ܶ௡ 
Logarithmic mean temperature difference, ∆ ௟ܶ௡ ൌ ்೔ି ೐்୪୬൤೅ೞష೅೐೅ೞష೅೔൨
 
Natural convection heat transfer formulations: 
Rayleigh number: 
ܴܽ௅ ൌ ݃ߚ
ሺ ௦ܶ െ ஶܶሻܮ௖ଷ
ߥଶ ܲݎ  
Empirical correlations for natural convection over surfaces 
Vertical plates with characteristic length ܮ (plate height), 
ܰݑ ൌ 0.59ܴܽ௅ଵ/ସ, for 10ସ ൏ ܴܽ ൏ 10ଽ 
ܰݑ ൌ 0.1ܴܽ௅ଵ/ଷ, for 10ଵ଴ ൏ ܴܽ ൏ 10ଵଷ 
 































































View factor diagram 
 





















   
   
   
 
 
 
 
 
 
Properties of Various Temperature (K), K(W/m.K)/Cp(J/Kg.K) 
 
